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lntrociuct  ion: Two Ka-banci, half-meter diameter, circularly polarized microstrip reflcctarrays  have
been developed, One has identical square patches with variable-len~th phase delay lines. The other
uses identical square patches and delay lines with variable element rotation angles. Although both
antennas demonstrated excellent efficiencies, adequate bandwidths, and low aver-age sicielobe and
cross-pcll  levels, the one with variable rotation angles achieved superior overall performance. II is
believecl  that these are electrically the lar~es(  micr-ostrip reflectarrays (6924 elements with 42 d~l
gain) ever developed. It is also the first time that cilcular polarization has been actually
demonstrated using rnicrostrip patch elements. Recent advances in reflectarray technology include
the following; An X-band 0,75 m diameter nlicl-ost]ip reflectarray [1] using variable-len@  phase
delay lines which demonstrated a relatively high efl;ciency of 707.  with peak ~ain of 35 d]]; a partial
microstrip  reflectarlay  with beam scannins  capability [2]; A 27 GIIz. 0,23m diameter microstrip
rcflcctarray  using variable-size patches [3] whict) achieved a ~ain of 31 c!lI at an efllciency  of 3 1%0,
All these reflectarrays have dual-]  ineal” and dual- cilcular  polarization capabilities, but only linear
polarizations were demonstrated.

It is known that, if a circularly polarized antenna element is rotated from its ori~ina]  position by [~
degrees, t}~e phase of the element will be either advanced or delayed by the same y~ deyees.  IIence,
the technique of rotatins circularly  polarized demerits to achieve the required phases for a
cc)nvcntional array to scan its bear-n has been previously dcmonstl-atcd [4]. l’his technique was also
demonstrated for a spiraphase  reflectarray [5] where physically large spiral elements with discrete
and limited switchable  phase states were. used to scan the beam. here small and low-profile printed
~nicrostrip elements are used in a reflectarray with cor]tinuous variable angular rotations to achieve
far-field phase coherence, It has been proposed [6] that a controllable miniature or micro -rnachincd
motor can be placed under each patch element of a reflect arr-ay to scan the beam to wide angular
ciir cctions. 31y doing so, the high-cost/high-loss phase shifters, ‘1’/1<  moduies,  and bearnfc)rrncr are no
lorl[;er  ncedeci  in a beam scanning antenna.

Al]alysis,  l)esig~, find Nleas[lr-ernei]t  Rcslllts:  Consicie.r  the case as shown in Fis. 1 where the two—.. —... —_ —.—_—— ___
transmission phase delay lines connected to the squale patch are of unequal length, /x and /Y, but
where the icnghs  and patch siz,c  are uniform acl-oss  the reflcctarray aperture, With a lcfi-han(i CP
incicknt  wave and lx ion~er  than /Y by 90° of phase, the array analysis result shows that the reflected
wave I cmains lefl-hand C}). But the fiel(i reflected from the patch in l:ig. 1 (b) has a p’base delay of
?y~ ciegrces longer than that reflecteci  from the patch in }:i~,  1 (a), ‘1’he analysis aiso shows that a
rig~ht-han(i Cl) incident wave, upc)n reflection, has a phase a(ivancement  by 211J from the patch in Fig.
1 (b).

“ ‘1’hc research rlcscribccl  ill this article  lias carried CILI[ by IIIC JCI Propulsio]l  latmro[ory,  California ]rlstitutc  of
‘J’cc}irlolo~,y,  u[ldcr  con(ract ]yitll [lIC Na[iotl:ll  Aclolmu[ics  ZIIId  Space  A(\i}\i]listr;~(ioI1.
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Two circularly polarized microstrip  retlectarrays  were clcsi$ncci  at the frequency of 32.0 GIIz. Each
one has a diameter of a half meter and 6,924 square patch elements. One has identical patches with
variable-length phase delay lines. ~’hc other one, shoivn in Fig, 2, also uses identical patches but with
variable patch rotation angles, Both antennas have elements etched on Duroid substrate with 0,25
mm thickness and 2.2 relative dielectric constant. With this substrate, the calculated single patch
bandwidth is about 4?40. Both antennas were ctesigneci  for broadside radiation with the same f/1.) ratio
of 0.75. l“}le elerncnt spacing is 0.58 free-space wavclen~ths  which was cietermincci  by analysis to
avoid grating lobes, The width of all phase delay [incs (0,075mn~) are designed to have an
impedance of 150 ohms. In order to achieve the flatness (0,3mnl) recluireci at Ka-band  across the
half-meter aperture, the thin substrate is supported by a 1.9crn thick aluminum honeycomb panel, A
photo of the antenna is ~ivcn in l’ig.  3. ‘l’he fcxci hoi-n, a corj ugated  CP conical horn, was designed
to illuminate the reflectarray  aper-ture  with a -9 d~l edge taper, The purpose of the horn’s
corrugation is to reduce sidclobes  for lower spil!over loss and to seduce cross-pol  level. ‘The
radiation pattern of the unit with variable-length phase delay lines (namcct unit 1) measured at 32,0
GIIz if given in Fig, 4 which shows a peak sicieiobc of -22 ci13 and all other sicielobcs,  except the iirst
two, are well below -30 cIB, This measur’ed elevation pattern is pretty mL]ch the same in ciifl’erent
azimuth planes of the antenna, ‘l’he two high sideiobes  next to the main beam are bciieved  to be
caused by the feeci biocka~e,  Ali crc)ss-pol radia~ion,  except in the main beam region, is weil  below -
40 dI] levei.  The relatively hi~h cross-poi  of -22 till in the main beam is caused by the co-phasa]
behavior of the cross-poi  components of the patches and the cross-poi  of the feed horn. In other
words, the cross-pol,  similar to the co-poi, ficicis  are ail cc)hcr-cntiy directeci  to the same direction by
the same set of phase delay lines. 7’he pattern of the unit with variabie  rotation angics (named unit 2)
is showrl in Figure 5. It si]ows a peak sidciobe  of -?2 ciIl due to tile same feed biockage.  All the
other sicieiobes, except the. first few, are wcli  bciow -40 d}], which is significantly lower than those of
unit 1. Its cross-pol radiation, except one lobe at -2S ciil, is ail below -30 dI]. “l”he sin:le high cross-
pol lobe in the main beam of unit 1 has r-rolv ciisappeare(i  and is ciistributeci  over a wide anguiar
region, “]’hc major reason that unit 2 achieved iowcr sictelobe anti cross-pol  levcis than those of unit
1 is the difhse,  instead of the co-phasal,  scatter inss by tile  near randomly rotated patches and lines

“1’hc unit 1 reflcctarray  i~as a measured ~ain of 42.75 dB for an overali antenna aperture efficiency of
690/. at ti]c frequency of 31,5 GiIz. It’s banciwicith  behavior is given in Fig. 6 where [in oscillatory
response is observed. It is believed that, in acidition to the resonance of the patches, some of the
delay lines aiso become resonant at some fi-equencics  since their icn~th dimensions vary and become
clc)se to those of the patches. ‘l’he resonances of these lines acici in-an(i-out  of phase with the
resonance of the patches over the banci  clf interest and thus form the oscillatory behavior. l’he
rncasureci  gain of unit 2 has a peak at 31,7 GHz. anti is 42. ? ciIl for- an cfl~ciency  of 60°/0, “l’he
banciwicith response of unit 2 is presented in lig,  7 where it silclws  a -1 ciB-gairl  bandwidth of 1,1
Gllz (3.50/.) and a -3 till-~ain bandwicith of 1.7 GIIz (5,40A), Notice that the oscillatc)ry behavior
has diminis}]eci  for unit 2. “l’his is beca~lsc not oniy dc) all the patches of unit 2 }lave icicnticai  phase
dciay lines but aiso ti)ey  appear to be ranciomiy  rotatc(i, AS a resuit, it is not liiceiy the phase dciay
iirlcs of uIlit 2 couid resonate with the patc}]cs  in-anti-olit of phase many times across the frequency
banci. ‘J’o summarize, the Llr]it  z arltc[lrla, by Llsirlg  variat>ly  rot:~[eci  elements, achieved overall better
prxformance  t}lan that of the unit 1 antenna. It (icmonstratcci iowcr sicieic)bes,  lower- cross-pol,  anti
better banciwicith behavior.
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FiguI-e 1. Circularly polarized reflectarray  patch
element; (a) 0° phase shift reference element,
rotated element with 2~-deg phase shift.
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Figure 3, Photo of 0,5n~ Ka-band microstrip
reflectarlay  with e]crnents having variable

Figure  2, CP microstrip  reflectarray  with elenlents ro[ztio[l angles.

having  variable rotation angles.
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